Background: Studies suggest that honey has less influence on serum glucose concentrations than monosaccharides and disaccharides. Previous studies, however, have only analysed glucose metabolism. Methods: This study investigated the influence of two types of honey (rapeseed and acacia) on the serum levels of glucose, fructose, insulin and C-peptide values in healthy subjects. The results were compared with honey-comparable glucose-fructose solutions. All solutions contained 75 g of glucose and/or fructose. Results: We found significantly higher fructose serum levels with rapeseed honey after 2 h but no such differences for acacia honey. C-peptide levels were significantly higher after administration of both honeys after 1 and 2 h.
Introduction
There is increasing evidence that honey may have a different influence on the course of serum glucose concentrations over time than other carbohydrates and different monosaccharides and disaccharides. Recent studies comparing honey with equivalent mixtures of glucose/fructose strongly suggests this (Ahmad et al., 2008; Münstedt et al., 2008) . So far, however, there have been no studies on the possible differences in the course of fructose concentrations as well. As fructose is believed to be associated with a high prevalence of obesity, dyslipidaemia, insulin resistance and diabetes (Schaefer et al., 2009) , and natural honey consumption is recommended as a possible way to cardiovascular risk factors, differences between various honeys could have an important role. Earlier studies have shown that the consumption of honey solution or an equivalent results in differences in lipid metabolism (AlWaili, 2004; Münstedt et al., 2009b) .
We conducted a study to compare the effects of an oral glucose tolerance (OGT) test solution, an oral fructose solution and two different honey solutions (rapeseed and acacia) on serum glucose, fructose, insulin and C-peptide values in comparison with honey similar fructose/glucose mixtures. Both honeys had a distinctly different fructose and glucose content. The study was to investigate the effects of honey on glucose metabolism for these two defined unifloral honeys and would be the first to study the effect of honey on serum fructose levels, which might be relevant as possible mechanisms by which honey could influence the lipid metabolism.
Materials and methods

Honeys and controls
To create comparable sugar solutions, rapeseed and acacia honeys were analysed at the LAVES Institut für Bienenkunde Celle, Germany. The results of the various analyses are summarised in Table 1 . As the standard OGT test solution contains 75 g of glucose, the fructose solution, honey solutions and the honey equivalent solutions were standardised to contain the same amount of carbohydrates. Solutions were made up to a total volume of 300 ml. Rapeseed and acacia honeys were chosen because they differ greatly differ in terms of their glucose/fructose ratio. Honeys were obtained from the apiary of KM.
Study design and measurement of blood parameters
In all, 15 volunteers were recruited. All fulfilled the following inclusion criteria: male gender, aged between 18 and 35 years, body mass index 20-26 kg/m 2 , no metabolic disorders and no concomitant medication. All underwent OGT testing in line with the American Diabetes Association's screening standards (American Diabetes Association, 2006). Subjects were given 300 ml of Dextro OGT solution (Hoffmann-La Roche AG, Grenzach-Wyhlen, Germany), containing 75 g of mono-/disaccharide composite (glucose syrup) equivalent to 75 g of glucose after enzyme splitting.
With time intervals of at least 1 week and after the possibility of abnormal glucose tolerance had been excluded, the volunteers received various solutions which were standardised to contain 75 g of fructose alone or a mixture of glucose and fructose (rapeseed honey, rapeseed honey analogue solution, acacia honey, acacia honey analogue solution).
Because of the circadian secretion of cortisol and its influence on glucose metabolism, all tests began between 0800 hours and 0830 hours. The OGT, the fructose, the two honeys and the honey-comparable glucose-fructose solutions were consumed within 5 min.
Venous blood samples for glucose, fructose, plasma insulin and C-peptide analyses were taken at 60 and 120 min after ingestion of the solutions. All biochemical analyses were undertaken at the Institute of Clinical Chemistry at our hospital except for fructose, which was determined at the Laboratory Limbach in Heidelberg, Germany. Detailed information on the methods of determination and the normal values can be found on the homepage of the Institute of Clinical Chemistry (http://www.uniklinikum-giessen.de/ klinchem/Endokrinologie.html; http://www.uniklinikum-giessen. de/klinchem/KlinischeChemie.html).
The project was approved by the ethics board of the JustusLiebig-University Giessen (application number 04/2009).
Data management and statistics
Data management and statistical analysis were undertaken with SPSS (Chicago, IL, USA) for Windows (version 15.0) and various statistical methods, including simple descriptive methods, bivariate correlations and paired t-test. A P-value of o0.05 was considered significant.
Results
Data from all volunteers were analysed. Their basic characteristics are given in Table 2 .
Courses of serum glucose, fructose, insulin and C-peptide values after administration of 75 g of glucose and fructose Results of the OGT revealed no evidence of latent diabetes. Fasting fructose levels were mainly below the detection level (10 mg/l) or slightly above. Results of the measurements of all stated parameters after administration of 75 g of fructose are shown in Table 3 .
Comparison of serum fructose, insulin and C-peptide values after administration of a total of 75 g of fructose and glucose in the form of honey (rapeseed or acacia) or the analogues Analyses of glucose serum levels showed no differences between rapeseed honey and the analogue solution and the acacia honey and its analogue, respectively. Regarding insulin, a significant difference for rapeseed honey after 2 h Effects of natural honeys on blood glucose levels K Münstedt et al was found (11.5 mU/ml; s.d. 8.4 mU/ml for rapeseed honey versus 7.7 mU/ml; s.d. 4.2 mU/ml for the analogue solution; T ¼ 2.6; df ¼ 14; P ¼ 0.021). We found significantly higher fructose serum levels with rapeseed honey after 2 h (T ¼ 3.1; df ¼ 14; P ¼ 0.008) but no such differences for acacia honey. Interestingly, C-peptide levels were significantly higher after administration of both honeys after 1 and 2 h (T rape seed versus analogue 1 h ¼ 2.3; df ¼ 14; P ¼ 0.033; T rape seed versus analogue 2 h ¼ 3.4; df ¼ 14; P ¼ 0.003; T acacia versus analogue 1 h ¼ 4.1; df ¼ 14; P ¼ 0.001; T acacia versus analogue 2 h ¼ 2.4; df ¼ 14; P ¼ 0.033; Table 3 ).
Comparison of the two types of honey
Statistical comparisons by paired t-test s of the serum levels of fructose, glucose, insulin and C-peptide revealed no significant differences between the two types of honey.
Discussion
This study directly compared the effects of natural honeys with sugar solutions containing equivalent amounts of glucose and fructose on blood glucose levels. The results show that the honeys do not have different effects on carbohydrate metabolism in spite of their differences in composition, especially regarding the glucose/fructose ratio. We found different effects, however, on glucose metabolism between the two honeys and their analogues. Interestingly, fructose serum levels remained higher with rapeseed honey and we found significantly higher levels of C-peptide when honey was administered. Given the potential significance of the fructose metabolism for the various diseases mentioned in the introduction it is an under-researched topic. To the best of our knowledge, this is the first study investigating the effects of honey on serum fructose levels. The study confirms that there are differences between honey and analogue sugar solutions, as shown before, and it also demonstrates that the honey does not always have positive effects in the sense that honey stimulates insulin secretion to a lesser extent (Agrawal et al., 2007; Ahmad et al., 2008; Münstedt et al., 2008) . Thus claims that honey would always have a more positive effect on glucose metabolism cannot be supported by this study and it thus confirms earlier studies which failed to show such positive effects (Bornet et al. 1985; Katsilambros et al. 1988 ). The differences in honey composition especially regarding the disaccharides seem to influence the effects of honey substantially. This was shown for palatinose, a disaccharide often present in honey (Oizumi et al., 2007) . Perhaps similar mechanisms are also true for the fructose metabolism. Unfortunately it is difficult to measure such effects. German honey laboratories do not determine palatinose in honey and there are no assays for palatinose commercially available. Further research on the reasons behind the antidiabetic effects of some honeys is necessary.
Although fructose may negatively influence the lipid metabolism, we did not assess it in this study. It was shown Table 3 Glucose, fructose, insulin and C-peptide serum levels after the administration of 75 g glucose and fructose as well as rape seed and acacia honey and its analogues (totaling 75 g of glucose and fructose) that fructose has no immediate effects on the lipid metabolism (Münstedt et al., 2009a) . Such effects require long-term honey consumption (Münstedt et al., 2009b) .
In summary, this study emphasises that studies on honey must consider the differences between the various types of sugars. Substances present in honey other than fructose and glucose seem to interfere with the saccharide metabolism and should be more intensively studied in the future. Improved methods of determining important constituents of honey are necessary.
